On June 25, 2002, aquarium veterinarians treated a 5-year-old, male little blue penguin (Eudyptula minor) that was acutely recumbent and dull, with inappetence of 24-hour duration. The penguin died within 10 minutes of presentation despite emergency resuscitation efforts. Gross pathologic findings consisted of pulmonary congestion and intestinal hemorrhage. Histopathologic findings included necrosis of tips of intestinal villi, increased numbers of mononuclear cells in pulmonary interstitium and hepatic sinusoids, and gram-positive bacteria in systemic microvasculature. Transmission electron microscopic examination revealed short grampositive bacilli located in lumina of glomerular capillaries and in cytoplasm of mononuclear phagocytic cells in the lung and liver. Erysipelothrix rhusiopathiae was recovered from the lung, liver, and intestine by bacteriologic culture. Amplicons from polymerase chain reaction (PCR) tests using Erysipelothrix genus-specific primers and total genomic DNA extracted from formalin-fixed, paraffin-embedded tissue sections of lung and intestine demonstrated 99% nucleotide sequence identity with 16S small-subunit ribosomal DNA of E. rhusiopathiae and E. tonsillarum. The source of infection was speculated to be fish in the diet; however, repeated attempts to detect Erysipelothrix spp. from the mucous layer of food fish using bacteriologic culture and PCR were unsuccessful. This is the first report of erysipelas in a captive aquatic bird. Details of the isolation of E. rhusiopathiae and the application of molecular testing to identify Erysipelothrix DNA in formalin-fixed, paraffin-embedded tissue sections are given.
From the Animal Health Department, New England Aquarium, One Central Wharf, Boston, MA 02110 (Boerner, Weber), and Department of Pathobiology and Veterinary Science, University of Connecticut, U-3089, 61 North Eagleville Road, Storrs, CT 06269 (Nevis, Hinckley, Frasca). 1 Corresponding Author: Leslie Boerner, Animal Health Department, New England Aquarium, One Central Wharf, Boston, MA 02110. possible route of infection in birds. 4 Fish have been reported as a source of E. rhusiopathiae. Localized skin infection by E. rhusiopathiae in humans, erysipeloid, is considered to be an occupational hazard for fishermen, fish handlers, and butchers, with infection following scratches or punctures. 22 Erysipelothrix rhusiopathiae has been isolated from a variety of different fish, cephalopods, and crustaceans, 10 as well as from the superficial mucous coat of frozen food fish and the feces of fish-eating animals. 1 This report describes postmortem diagnosis of Erysipelothrix septicemia in an adult little blue penguin (E. minor), supported by histopathologic, ultrastructural, bacteriologic, and molecular findings, and provides insight into the comparative features of disease presentation in a previously unreported aquatic host. A 1.1-kg, 5-year-old, male little blue penguin at the New England Aquarium that had been actively rearing its third chick, which had hatched 6 weeks before, was anorexic for 1 day in June 2002. The next day it was found acutely recumbent and moribund. Despite emergency resuscitation, the bird expired within 10 minutes of presentation. Past medical history was unremarkable, and no other birds displayed clinical signs of disease, except for 1 African penguin that had been diagnosed with chronic sinusitis. The penguins are housed indoors in an exhibit composed of plaster islands surrounded by water. The colony includes 14 other little blue penguins, 15 rock-hopper (Eudyptes crestatus), and 40 African penguins (Spheniscus demersus). The little blue penguin colony is separated from the other birds by a gate, though they share the same water and occasionally have direct contact with each other. A variety of fish are fed on a rotating schedule, including herring, capelin, smelt, ancho-vies, and sardines. Fish are fresh-frozen restaurant quality and thawed immediately before feeding.
Immediately after the penguin died, blood was drawn from the dorsal coccygeal vein for serum biochemical testing and hematology, and a necropsy was performed. Tissue samples were collected, fixed by immersion in 10% neutral buffered formalin, processed routinely for paraffin embedding, sectioned at 4 m, mounted on glass slides, and stained with hematoxylin and eosin (HE) for light microscopic examination. Sections of lung, liver, kidney, heart, and intestine were later stained using the Brown and Brenn tissue Gram and Ziehl-Neelsen techniques.
For transmission electron microscopy, formalin-fixed tissue samples of lung, kidney, and liver, 2-4 mm, 3 were postfixed in McDowell and Trumps 4F:1G fixative, 16 followed by 1% osmium tetroxide in 0.1 M N-2-hydroxyethylpiperazine-NЈ-2-ethane-sulfonic acid buffer, then rinsed in 0.1 M maleate buffer (pH 5.2), stained en bloc with 1% uranyl acetate in 0.1 M maleate buffer, dehydrated through an ascending gradient of ethanol, and embedded in LR White a using a microwave technique 11 and a model 3440 microwave processor and vacuum chamber. b Ultrathin sections were stained with 1% lead acetate and examined using a Philips 300 electron microscope c at 80 kV.
Tissues submitted for bacterial culture included liver, lung, and intestine. Samples were cultured on blood agar, at 37 C and 42 C, under both microaerophilic (with 10% CO 2 ) and anaerobic conditions. Incubation under anaerobic conditions at 42 C may select for Erysipelothrix spp. because many other bacteria are inhibited. Isolates were identified using standard microbiological methods, including stab inoculation of triple sugar iron (TSI) slants.
Molecular testing was performed on 50-m tissue sections cut from paraffin blocks of lung, liver, kidney, heart, and intestine that were placed in separate, sterile 1.5-ml microcentrifuge tubes. Sections from a noninfected little blue penguin chick served as processing and genomic negative controls. Bacteria from cultures of lung, liver, and intestine were sampled, and a culture of E. rhusiopathiae isolated from a turkey d was used as the genomic positive control. Tissue sections were deparaffinized using three 800-l washes of xylene, followed by three 800-l washes of 100% ethanol, and then were air-dried. Deparaffinized tissues and culture samples were extracted using a commercial kit. e Kit protocol was followed except that to facilitate lysis of gram-positive cell walls, all samples were heated to 97 C for 20 minutes before the addition of AL buffer e (proprietary mixture containing guanidinium chloride). Samples were then eluted in 150 l of AE buffer e (10 mM Tris-Cl; 0.5 mM ethylenediaminetetraacetic acid; pH 9.0).
The quality of extracted DNA was tested for its ability to support polymerase chain reaction (PCR) amplification by using universal eukaryotic primers 18e and 18i to 18S smallsubunit ribosomal DNA (SSU rDNA). 13 The 18S rDNA amplification was carried out in 50-l reactions containing 10 pmol of each primer, 1ϫ PCR buffer (Tris-Cl, KCl, (NH 4 ) 2 SO 4 , 1.5 mM MgCl 2 , pH 8.7), 200 M of each deoxynucleoside triphosphates (dNTP), 0.1 l (0.5 unit) of HotstarTaq polymerase, e and appropriate amounts of distilled water. Samples of DNA were amplified in multiple dilutions using the following conditions: an initial incubation of 15 minutes at 94 C, followed by 35 cycles of 30 seconds at 94 C, 30 seconds at 60 C, 30 seconds at 72 C, and a final extension of 7 minutes at 72 C. Fifteen microliters of amplified product was electrophoresed through a 1.5% agarose gel and detected by means of ethidium bromide staining and UV transillumination. Extractions of DNA from little blue penguin tissue samples produced 440-bp amplicons, consistent with product sizes expected from the target segment of 18S SSU rDNA. 13 Samples that resulted in no 18S amplification were eliminated from the study.
Erysipelothrix 16S rDNA was amplified using genus-specific primers MO101 (5Ј-AGATGCCATAGAAACTGGTA-3Ј) and MO102 (5Ј-CTGATCCGCCATAACTA-3Ј), producing a 407-bp product. 15 Amplifications were performed in 50-l reactions containing 20 pmol of each primer, 1ϫ PCR buffer (Tris-Cl, KCl, (NH 4 ) 2 SO 4 , 1.5 mM MgCl 2 , pH 8.7), 200 M of each dNTP, 0.2 l (1 unit) of HotstarTaq polymerase, e and appropriate amounts of distilled water. Paraffin tissue extractions were tested using 2 dilutions and the following protocol: an initial 15-minute incubation at 94 C, then 40 cycles of 30 seconds at 94 C, 1 minute at 54 C, 1 minute at 72 C, followed by a final extension for 7 minutes at 72 C. Twenty microliters of amplified product was electrophoresed through a 1.5% agarose gel and detected by ethidium bromide staining and UV transillumination. Amplification products from paraffin-embedded tissues and culture samples were purified using Qiagen Minelute PCR Purification kits e and submitted for direct sequencing by oligonucleotide-directed dideoxynucleotide chain-termination cycling reactions. f Nucleotide sequences were aligned and comparisons made using computer sequence analysis software. g Plasma chemistry values were compared with database entries from the International Species Information System (http://www.isis.org) for little blue penguins. Abnormalities included an elevated asparate aminotransaminase (1,967 IU/ liter, reference range 174-920 IU/liter); creatine kinase (6,300 IU/liter, reference range 24-960 IU/liter); lactate dehyrogenase (3,107 IU/liter, reference range 105-1,032 IU/ liter); phosphorous (28.1 mg/dl, reference range 2.2-9.2 mg/ dl); potassium (11.2 meq/liter, reference range 3.7-5.4 meq/ liter); uric acid (100.5 mg/dl, reference range 4.9-52.3 mg/ dl); and decreased glucose (Ͻ10 mg/dl, reference range 16-330 mg/dl), indicating multiorgan enzyme leakage, decreased renal clearance, and terminal hypoglycemia. A peripheral blood smear revealed clusters of bacilli in monocytes and heterophils, with fewer extracellular bacteria. A total white blood cell count could not be performed as a result of clot formation.
The most significant lesions identified on gross examination were in the lung and intestine and included pulmonary hemorrhage and edema, with clotted blood in bronchi, and mucosal petechiation of the proximal third of the small intestine, with clotted blood in the lumen. In histologic sections of intestine, there was necrosis of the villous tips, with fibrinohemorrhagic exudates in the lumen and densely packed clusters of bacteria in capillaries of the lamina propria ( Fig. 1) . Dense aggregates of gram-positive, non-acid fast bacilli were identified in capillaries of the spleen, renal glomeruli, lung, heart, and liver. Mononuclear phagocytic cells with intracytoplasmic bacteria were present in splenic capillaries and sinuses, hepatic sinusoids, and pulmonary capillaries and interstitium (Fig. 2) .
On ultrastructural examination, bacteria were identified as short, slender bacilli. The bacilli had thick osmiophilic cell walls and lacked outer wrinkled membranes, consistent with gram-positive bacterial rods. 8 Bacteria were located in the lumina of glomerular capillaries with fibrin, within the endothelium, and in the cytoplasm of mononuclear phagocytic cells in pulmonary capillaries and hepatic sinusoids (Fig. 3) .
Bacteriologic cultures of lung, liver, and intestine yielded a small, gram-positive, slender pleomorphic rod, which grew under microaerophilic and anaerobic conditions at 37 C and 42 C. Pinpoint, nonhemolytic colonies were surrounded by a zone of greenish discoloration of the agar. The isolate was catalase negative, oxidase negative, urea negative, and nonmotile and did not hydrolyze esculin. Characteristic of Erysipelothrix spp. stab inoculated on a TSI slant, it produced H 2 S only at the inoculation line. The isolate fermented saccharose, indicative of the species E. rhusiopathiae.
Single, discrete amplification products of the appropriate molecular weight were detected from the E. rhusiopathiae genomic positive control, bacterial isolates from lung, liver, and intestine, and paraffin sections of lung and intestine (Fig.  4) . Nucleotide sequences of amplification products from the genomic positive control, paraffin sections of lung and intestine, and bacterial isolates from lung, liver, and intestine demonstrated 99% nucleotide sequence identity with each other and with 16S rDNA of E. rhusiopathiae and E. tonsillarum (GenBank accession numbers AB034200 and AB034201, respectively).
Minor adjustments to a published PCR protocol were required for target amplification from paraffin tissue sections. 15 Although the segment of 16S rDNA amplified by the MO101-MO102 primers is unable to differentiate species, it is genus specific. The ability to amplify and detect Erysipelothrix DNA in paraffin tissue sections provides an alternative approach to the identification of Erysipelothrix spp. because most diagnoses of the acute septicemic form of erysipelas are made retrospectively. 6 The inability of some tissue samples in this case to support amplification of Erysipelothrix DNA is most likely attributed to combination of limiting factors, principal among which could be unfavorable ratios of pathogen and host DNAs, inability to effectively reduce PCR inhibitors introduced by paraffin processing, and degradation of nucleic acids by formalin fixation. 2 The presence of intravascular and intrahistiocytic grampositive bacteria in this penguin is consistent with the lesions of acute septicemic erysipelas described in swine, 20 turkeys, 4 and cetaceans. 9, 14 The absence of disseminated intravascular coagulation, fibrinoid necrosis of glomerular tufts, and generalized parenchymal necrosis, as seen in swine and turkeys, 4, 20 is most likely due to the rapid disease course in this penguin.
The source of Erysipelothrix sp. in this case was not iden- tified. In most cases, cetaceans are presumed to contract the disease from fish in the diet, 9 and Erysipelothrix spp. have been detected in the seafood, 10 the mucoid coat of fishes, and the feces of fish-eating animals. 1 The organism is widespread in the environment and can persist in low temperature, alkaline pH, and organic matter, so contamination of water and soil from feces and urine of infected hosts does occur. 3 In this case, PCR testing of swabs of mucous layers of food fish using primers MO101 and MO102 15 did not reveal Erysipelothrix DNA (data not shown); however, a full investigation of the fish supply was not performed. Pigs and turkeys can be infected by ingestion, wound contamination, or through parasite lesions. 12 No external or mucosal wounds were identified on the penguin. Stress induced by chick rearing may have increased the bird's susceptibility to infection. Stress associated with the breeding season was speculated to have contributed to a case of acute erysipelas in a white whale (Delphinapterus leucas). 6 In cetaceans, antemortem diagnosis has been based on high probability of disease, blood cultures, and the necropsy results of conspecifics. Recent studies have focused on diagnostics using species-specific PCR methodology. Erysipelothrix rhusiopathiae is susceptible to a variety of antibiotics, including enrofloxacin, cephalosporins, and penicillin, so that in cases where antibiotic therapy has been initiated early in the course of disease, infections have been treated successfully. 6 This is the first reported case of acute septicemic erysipelas in a captive penguin. Demonstration of alternative approaches to identification of Erysipelothrix spp. from tissue may prove useful in active and retrospective case investigations of acute death in penguins.
